Purpose. Although the family environment is a potentially important influence on children's physical activity (PA), prospective data investigating these associations are lacking. This study aimed to examine the longitudinal relationship between the family environment and PA among youth.
PURPOSE
Compared with less-active children and adolescents, those who are physically active have healthier cardiovascular profiles, higher peak bone mass, and lower body fat. 1, 2 However, there is emerging evidence suggesting that young people's physical activity levels have declined. 3, 4 In addition to evidence of secular declines, there is also evidence that physical activity declines within individuals as they get older. 5 Identifying influences on the physical activity of youth at different ages is therefore important for informing the development of interventions to slow or prevent these secular and agerelated declines.
The family environment provides an important setting that may nurture, support, or constrain physical activity among youth. 6 The Family Influence Model 7, 8 highlights the complex interactions within families that influence children's physical activity. The Family Influence Model comprises a number of interrelated constructs, including family demographic characteristics, parents' and siblings beliefs and behavior in relation to physical activity (e.g., their own physical activity participation, participation with the child), and family processes (e.g., family interactions such as support and reinforcement for physical activity), as well as factors outside the family home such as at school and in the community. The model hypothesizes that family members' beliefs and behavior influence family processes, which influences the child's beliefs and, in turn, the child's physical activity. Few studies have tested constructs within the Family Influence Model using a prospective design. Cross-sectional studies have shown parental modeling of physical activity behaviors (e.g., explicit displays of physical activity participation) 9, 10 and support for physical activity (e.g., taking the child to sports practice, encouragement and praise for participating in physical activity) to be related to youth physical activity. 11 However, given the decline in physical activity that occurs as children mature into adolescence, 3, 4 longitudinal study designs are needed for better understanding the influence of family during this transition.
Only a small number of studies have examined these associations longitudinally, with mixed findings. [12] [13] [14] [15] Two found no relationship between family factors (parental physical activity and parental support) and children's and adolescents' physical activity over time 12, 15 ; one found that parental support was weakly correlated (r 5 .17) with girls' physical activity 2 years later 14 ; and another found family cohesion, parent-child communication, and parental engagement to be predictive of changes in adolescents' physical activity. 13 Apart from one of these studies, which used pedometers, 15 most of the longitudinal evidence is limited by the use of subjective measures of physical activity [12] [13] [14] ; the limitations of self-reported measures of physical activity are well documented. 16, 17 Further, all of the longitudinal studies have used a total measure of physical activity (i.e., assessed physical activity across the entire day or week, or assessed total number of steps per day). The influence of the family environment should be assessed within the appropriate physical activity context. For example, the influence of parents and siblings on youth physical activity is likely to be more applicable to activity acquired outside of school hours and on weekends, when families are likely to spend more time together. Using accelerometry, physical activity can be examined during specific ''windows'' of the day and week that may align more closely to family environmental influences than overall levels of activity.
No previous studies have examined the influence of the family environ-ment on longitudinal changes in objectively assessed physical activity outside of school hours from childhood to adolescence. This study therefore aimed to examine the longitudinal influences of the family physical activity environment on changes in children's and adolescents' objectively assessed physical activity outside of school hours and on weekends. 
METHODS

Ethical
Design and Sample
Families of children aged 5 to 6 years and 10 to 12 years were recruited from 19 (out of 24) state elementary schools in high (n 5 10) and low (n 5 9) socioeconomic areas in Melbourne at T1 in the Children Living in Active Neighbourhoods study. [18] [19] [20] In total, 1093 5-to 6-year-old and 2096 10-to 12year-old children were given information about the study. Only families who provided written consent participated in the study (n 5 1220; 38% response). Families indicated whether they could be recontacted for further research (n 5 937); 590 participants provided survey and/or accelerometer data at T2 in 2004, 512 of whom agreed to be contacted for further follow-up. In 2006, 486 participants (40% of the original sample) provided survey and/ or accelerometer data at T3. Participants with physical activity data collected on at least two occasions were eligible for inclusion in the study (N 5 190 5-to 6-year-olds and N 5 350 10-to 12-year-olds).
Measures
Youth physical activity. At T1, T2, and T3, youth were asked by trained instructors to wear a Manufacturing Technology Inc (Actigraph model AM7164-2.2C, Fort Walton Beach, Florida) uniaxial accelerometer for an 8-day period during waking hours, except during bathing and aquatic activities. 21, 22 Data recorded on the first and last days were discarded because of incompleteness on these days and possible reactivity effects on day 1. 23 Days on which total accelerometer counts were ,10,000 or .20,000,000 were excluded because this indicated a possible malfunction of the accelerometer.
Movement count thresholds were applied to calculate minutes spent in moderate to vigorous intensity physical activity (MVPA). Thresholds were based on an age-specific energy expenditure prediction equation: metabolic equivalents of rest (METs) 5 2.757 + (.0015?counts?min 21 24 and were defined in METs as: moderate intensity, 3.0 to 5.9 METs; vigorous intensity, 6.0+ METs. Time spent in MVPA was calculated by summing minutes of moderate and vigorous intensity physical activity on each eligible day and dividing the total by the number of days eligible for inclusion. Because the family environment may have a greater influence on youths' physical activity after school and on weekends than on overall activity, average minutes per day of MVPA after school until 6:00 P.M., defined as a ''critical window'' of physical activity, 17 and average minutes per day of MVPA on weekends were examined in this investigation. A minimum of 3 days' data were required for inclusion in the MVPA critical window variable, whereas data from a minimum of 1 weekend day were required to calculate the MVPA on weekends variable.
Survey Development. Based on key constructs from the Family Influence Model, 7,8 a survey was developed to explore associations between the family physical activity environment and children's physical activity. Although this model also considers factors outside the immediate family environment, such as the school or community, these factors are outside the scope of this paper and were not included. Parents (83% mothers/female carers) completed the survey at T1. Two-week test-retest reliability was examined in a Family Physical Activity Environment.
The beliefs and behavior of family members are key factors within the Family Influence Model. In the current study, this was operationalized as role modeling by parents and participation in physical activity with family members (including parents and siblings). Role Modeling. Parents self-reported usual duration (hours) and frequency (times per week) of their own and their partners' physical activity for a typical week for walking and moderate (e.g., walking the dog, gardening, golf, lap swimming) and vigorous intensity (e.g., tennis, jogging, cycling) physical activities. Consistent with established survey protocols, 25 reported duration of vigorous intensity (multiplied by two to reflect additional benefits of higher intensity activity) physical activity for each parent was truncated at 14 hours per week and moderate intensity physical activity was truncated at 28 hours per week; moderate and vigorous physical activity were then summed. Total duration of maternal and paternal physical activity per week was computed for each parent by multiplying duration by frequency and the totals truncated (for eight cases) at 28 hours per week (testretest reliability: ICC 5 .65-.69). Parents achieving at least 2.5 h/wk accumulated over at least five sessions were categorized as ''meeting guidelines'' in accordance with Australian physical activity recommendations 26 ; all others were classified as ''not meeting guidelines.'' These two variables demonstrated 85%-89% agreement between first and second administrations of the survey (testretest reliability). 26, 27 Parents responded to one item asking how frequently other children in the family (''think about the most active one'') participate in physical activity, such as organized sport, walking for exercise, cycling, or swimming (testretest reliability: ICC 5 .90). Responses were scored: don't know/ doesn't apply (0); never (0); ,1 time/wk (.5); 1-2 times/wk (1.5); 3-4 times/wk (3.5); 5-6 times/wk (5.5); daily (7) .
Family Participation. ''Coparticipation'' in physical activity was assessed by asking how often the father, the mother, and other siblings (''think about the one who participates the most with your child'') each actively participate in physical activity with the child. The following examples were provided: go cycling or walking together, have a hit of tennis together; not just supervising the child while he/she is being active. Responses from the three items were scored separately for the father, mother, and siblings as above. ''Family-based activities'' were assessed by asking parents how often they go for bike rides, go swimming, go to the park, walk the dog, walk for fitness, or play sport together as a family with at least one adult family member. Responses to each item were scored: don't know/doesn't apply (0), never/rarely (0), 1-2 times/mo (.5), 1 time/wk (1), several times/wk (3.5) or daily (7) . The six ''family activities'' items were summed, with acceptable internal reliability (Cronbach's a 5 .63).
Family processes are also highlighted in the Family Influence Model and were operationalized as family interactions including direct support and reinforcement for physical activity.
Direct Support. In separate questions, parents reported how often the mother and how often the father provided ''direct support'' for their child's participation in physical activity.
The following examples were provided: take him/her to training, provide money for participation, buy sports clothing/equipment. These two items were adapted from existing measures 28 (test-retest reliability: ICC 5 .81-.90). Responses were scored: don't know/ doesn't apply (0), never (0), ,1 time/ wk (.5), 1-2 times/wk (1.5), 3-4 times/ wk (3.5), 5-6 times/wk (5.5) or daily (7) .
Reinforcement. In separate questions, parents were asked how often the mother and how often the father praised the child for participating in physical activity (test-retest reliability: ICC 5 .87-.90). These two items were adapted from existing measures. 28, 29 Responses were scored: don't know/ doesn't apply (0); never (0); ,1 time/ wk (.5); 1-2 times/wk (1.5); 3-4 times/ wk (3.5); 5-6 times/wk (5.5); daily (7) .
Analysis
Maternal education (rather than paternal education, because there is evidence that maternal education is more strongly associated with child health behaviors), [30] [31] [32] parental marital status, and number of siblings were examined a priori as potential confounders; variables that were associated with the outcomes (p , .05) were included in all models. Mean (SD) values were calculated for the continuous predictor variables at T1, and proportions were calculated for T1 categorical predictor variables. Chisquare tests (categorical data) and oneway analysis of variance (continuous data) were used to test for sex differences in the outcome variables at each time point.
The longitudinal relationship between T1 family physical activity environment factors and average MVPA over time was analyzed using a longitudinal linear regression technique, generalized estimating equations (GEEs). 33 For individual use only. Duplication or distribution prohibited by law.
count. GEEs involve a pooled analysis of cross-sectional (between-subjects) and longitudinal (within-subjects) relationships. This results in a single regression coefficient (b) that incorporates between-subject and within-subject correlations, using all data available. 35 In the crude model, the relationship between each individual predictor and the outcome was estimated adjusting for significant covariates and including an interaction term for age cohort and the predictor variable. In most cases, an exchangeable correlation structure (where correlations between subsequent measurements are assumed to be the same) was assumed, although in a small number of instances in which convergence could not be achieved, an independent structure (where correlations between subsequent measures are assumed to be zero) was assumed. 33, 35 Where significant interaction effects for age were indicated, the model was calculated separately for younger and older children. Predictor variables that demonstrated significant relationships with the outcome (p , .1; we used a less conservative p value because of the study design, sample size, and selfreport predictor measures) 36, 37 were eligible for inclusion in the fully adjusted multivariable model, which includes all significant variables from the crude model (and significant covariates). Prior to entry into the fully adjusted multivariable model, correlations between predictor variables were assessed and correlated variables were excluded using more conservative criteria (r . .4) than suggested (r . .7). 38 The fully adjusted multivariable model was run stratified by age cohort when significant age cohort predictor variable interactions were noted.
Although outcome data were nonnormally distributed, findings were similar when conducted using an appropriate transformation (square root). For ease of interpretation, however, nontransformed data have been presented. Where there were differences in findings using transformed and nontransformed MVPA variables, analyses were conducted using squareroot-transformed variables and then results were back-transformed using nonlinear combinations of estimators to calculate the effect of a one-unit increase in the predictor variable.
All analyses were conducted using Stata version 10.0 (Statacorp, College Station, Texas). GEE analyses include adjustment for the effects of clustering within schools (the baseline unit of recruitment).
RESULTS
Sample Characteristics
Data from at least two time points were available for 190 younger and 350 older participants. Compared to those who did not provide physical activity data on at least two occasions, a significantly higher proportion of youth who did provide these data were from families with high maternal education (42% vs. 30%) and married/ living as married (86% vs. 78%), and a significantly lower proportion had parents with three or more children (10% vs. 13%). No significant differences were evident between those who did and did not provide physical activity data at follow-up according to baseline MVPA during the critical window or on weekends.
Children's and Adolescents' MVPA
MVPA declined significantly (p , .01) over 5 years (Figure 1 ). Older boys had significantly higher MVPA during the critical window and on weekends than older girls at each time point (p , .01), whereas younger boys had higher MVPA during the critical window and on weekends than younger girls at T3 only (p , .01). The most dramatic declines over the 5-year period were observed for MVPA on weekends among older youth, with boys and girls demonstrating 70% and 73% decreases, respectively.
The Family Physical Activity Environment
There were few significant differences in T1 family physical activity environment features reported by parents of younger and older children ( Table 1) . No sex differences were evident within age strata; results are therefore presented for boys and girls combined. Coparticipation in physical activity was more frequent among younger than older youth, whereas direct support for physical activity was provided more frequently by mothers of older than younger youth.
The Family Physical Activity Environment and Youths' MVPA During the Critical Window
Direct associations were evident between maternal role modeling and paternal reinforcement of physical activity and youths' average change in critical window MVPA among younger and older boys in the multivariable model ( Table 2 ). Among girls, maternal coparticipation in physical activity was directly associated with average change in critical window MVPA in the multivariable model ( Table 3 ).
The Family Physical Activity Environment and Youths' MVPA on Weekends
Maternal role modeling of physical activity (b 27.9, 95% confidence interval [CI] 10.3-45.4) and paternal direct support (b 4.7, 95% CI 1.4-8.0) were the only factors associated (p , .01) with average change in MVPA on weekends in the crude model (and therefore no multivariable model was constructed) among younger and older boys, respectively. Among younger girls, sibling coparticipation in physical activity demonstrated a direct association with average change in MVPA on weekends, but no significant associations between the family physical activity environment and average change in MVPA on weekends were evident among older girls in the multivariable model (Table 4) .
DISCUSSION
This study is one of the first to identify longitudinal influences of the family physical activity environment on children's and adolescents' objectively assessed physical activity. The declines in physical activity observed across all age and sex strata are consistent with previous research, 5, 39 and highlight the need for tailored, evidence-based intervention strategies. Based on specific constructs highlighted in the Family Influence Model, 7 For individual use only. Duplication or distribution prohibited by law.
MVPA. Among girls, sibling (younger girls only) and maternal coparticipation in physical activity were significant predictors of average change in MVPA. An understanding of the influence of the family environment on physical activity is important for informing efforts to reduce the decline in activity that occurs as children enter adolescence. Although the overall magnitude of associations was small, given the error associated with measuring physical activity and the family environment, relationships may have been underestimated.
In this study, maternal role modeling of activity predicted higher average change in critical window and weekend MVPA among boys. This finding is consistent with results from a crosssectional Finnish study, where mothers' but not fathers' self-reported physical activity was directly correlated with boys' vigorous and total selfreported physical activity. 31 However, there appears to be no consistent pattern in the literature regarding parent-child physical activity associations according to the sex of the parent For individual use only. Duplication or distribution prohibited by law. and child, with other studies showing contrasting or null associations. 28, 32, [40] [41] [42] Importantly, none of these previous studies were longitudinal in design and only one used an objective measure of children's physical activity. 40 Furthermore, previous studies have focused on overall physical activity, whereas the current study assessed physical activity during specific time periods (critical window and on weekends), when the family physical activity environment may be expected to have the most influence on youths' physical activity. Irrespective of the pathway by which parental modeling influences children's activity, the findings imply that children with active mothers tend to be more physi-cally active over time, suggesting that targeting physical activity of other family members may have important benefits for both youth and adult health. Of the family environment features assessed, maternal and sibling coparticipation in physical activity were directly associated with average change in MVPA among girls. This finding suggests that for girls, having a family member to participate in physical activity with, rather than observing or receiving support or praise from other family members, may be important for promoting physical activity. A limited number of studies have examined the relationship between parental or sibling participation in activities with children. Some studies have observed positive correlations between frequency of parental coparticipation in physical activity, 28, 43 but multivariable analyses have found no evidence of an association. 28, 43, 44 A direct association between the presence or number of siblings or the frequency of sibling physical activity and children's physical activity has been observed. 45, 46 However, few studies have examined the sex of the coparticipating parent, which may explain previous null findings, or the influence of sibling coparticipation in physical activity. Furthermore, no previous research has examined coparticipation using a longitudinal study design, employing For individual use only. Duplication or distribution prohibited by law.
objective measures of physical activity, or assessing physical activity during the critical window. This study had some limitations, including the attrition and modest baseline response rates. Although information on nonparticipants was not available because of privacy legislation, comparison of the baseline characteristics demonstrated no behavioral but some marginal demographic differences between participants and nonparticipants. The family physical activity environment was assessed at one time point only, but family environments are likely to be dynamic and the factors assessed may change as children age, particularly from late childhood to late adolescence. This limitation may explain the relatively few statistically significant associations observed, and future research could simultaneously examine the relationship between changes in the family physical activity environment and changes in children's physical activity. Because accelerometers collect data on physical activity intensity, physical activity type could not be determined. Parental physical activity was self-reported and proxy-reported for partners/spouses, although repeatability was acceptable (65%-69%). The selfreported measures may not have accurately captured the family physical activity environment, although these measures were reliable (test-retest reliability ICC 5 .65-.90). The internal reliability of the summed ''familybased activities'' variable was not high (Cronbach's a 5 .63), 47 which may explain the null findings for this variable.
The use of the Family Influence Model to guide the examination of associations between the family physical activity environment and children's physical activity may also be a limitation. This study assessed several constructs contained within the model but not the model in its entirety. It is plausible that factors outside this model, such as broader physical and social environmental factors, may play a role in influencing children's physical activity, but these were not included here. Future research should explore a more comprehensive approach to understanding family influences on children's physical activity by also considering the broader physical and social contexts in which children and families exist.
Despite these limitations, this study had a number of strengths. The use of accelerometers reduces the likelihood of biases introduced through self-reported measures. Assessment of physical activity during the critical window and on weekends is a further strength, because these are times when the influence of the family physical activity environment may be most evident. The longitudinal study design with three data collection points over 5 years For individual use only. Duplication or distribution prohibited by law.
allows for greater inferences about the temporal nature of the associations observed, and the use of GEEs to examine associations allows full use of the data collected. Furthermore, a broad range of family environmental factors were examined using a theoretical framework, and two age cohorts, including key transitional periods, were assessed. The findings have a number of public health implications. First, the importance of considering sex and age differences when tailoring interventions aimed at promoting young people's physical activity was highlighted. Second, the findings emphasize the importance of maternal role modeling of physical activity behaviors for older boys, the need for positive paternal reinforcement of younger boys' physical activity, and maternal and sibling coparticipation in physical activity among girls. Future research should investigate how the family physical activity environment changes over time and how this impacts youths' physical activity, and whether the influence of the family physical activity environment differs according to the type of activity. Doing so will provide greater insights to underpin strategy development to prevent declines in young people's physical activity. 
SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic? Cross-sectional evidence suggests that the family environment may be important for youth physical activity, but few prospective studies exist. Furthermore, no studies to date have examined the influence of the family environment on objectivelymeasured physical activity during key 'windows' such as after school or on weekends. As a result, there is little evidence to inform the development of youth physical activity promotion strategies.
What does this article add?
Although associations were weak in magnitude, this study found that the family environment appears to 166 American Journal of Health Promotion January/February 2011, Vol. 25, No. 3
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play a role in physical activity as children transition into adolescence. In particular, maternal role modeling, paternal reinforcement and paternal direct support for physical activity appear important for boys, while co-participation of mothers and siblings may be important for girls' physical activity.
What are the implications for health promotion practice or research? Further research investigating the effectiveness of theoretically-based strategies that target maternal role modeling, parental reinforcement and direct support, and maternal and sibling co-participation in physical activity is warranted. For individual use only. Duplication or distribution prohibited by law.
